ABSTRACT
Introduction
The prevalence of chronic wounds in the general population is relatively high. This condition is associated with several diseases and imposes a major social and economic burden on patients and healthcare systems. Thus, the search for alternative therapies for the treatment of chronic wounds is of fundamental importance 1, 2 .
There are many treatment options for chronic wounds in the market, but it has been difficult to properly determine the cost-benefit relationship and best treatment option for each type of ulceration 3 .
The pseudo-stem of the banana plant and unripe banana peels contain copper, zinc, sodium, potassium, calcium, The rats were randomly divided into two groups (control and experimental groups) of 60 animals each, using the BioEstat 5. 
Gel preparation
The gel used in the study was prepared from unripe banana (Musa sapientum) peels. Unripeness was determined according to the scale devised by Loeseck 11 , which relates ripeness to the color of the peel. Only completely unripe fruits were selected to assure homogeneity. The fruits were purchased directly from a producer in Pouso Alegre-MG, Brazil, in the same conditions as sold to consumers.
First, the fruits were washed with running water and rubbed with a luffa sponge. After the first wash, the fruits were allowed to dry at room temperature for 20 minutes. The unripe bananas were then washed with 500 ml of distilled water, dried with paper towel, and allowed to dry for another 20 minutes at room temperature. Next, the fruits were peeled and the pulp was discarded; only the peels were used. The peels were diced into cubes of approximately 1 mm³, transferred to a ceramic mortar, and manually ground with a pestle for 60 minutes until complete homogenization. The peel of one unripe banana yields about 50g of ground peel. The ground peels were placed in a watch glass and weighed on a precision balance model Gehaka BG2000.
Following, 100g of gel (4% gel) was prepared by mixing 4g of ground peel with 96 g of natrosol gel for five minutes to ensure homogenization. The prepared formulation was placed in a previously sterilized, white 120g plastic container having a false bottom, stored at refrigeration temperature, and used within 30 days.
Surgical procedures
Before the surgical procedure, the animals were anesthetized with a mixture of ketamine hydrochloride (50mg) and 2% xylazine hydrochloride (20mg) at 2ml/kg body weight.
The hair of a 6x6cm area (36cm 2 ) in the dorsal region of the animals was manually removed in the cephalo-caudal direction. The incision lines were marked on the skin of the interscapular region between the anterior limbs with a thin felt tipped pen.
The skin was cleaned with 0.9% saline and a 4x4cm surgical wound was created on the back of each animal. The incision was deepened to the dorsal muscular fascia and the dorsal skin was resected together with the panniculus carnosus.
Treatment of surgical wounds
All animals in both groups were treated daily from the immediate postoperative period to the day of euthanasia. Before daily treatment, the rats were anesthetized and the wounds were cleaned with 0.9% saline. Then, natrosol gel (control group) or 4% unripe banana peel gel (experimental group) was applied to the surgical wound using a disposable wooden spatula, which was discarded after each application. The same amount of gel (0.1g) was used in each application. The wound was covered with
Transpore medical tape and a secondary dressing of microporous adhesive tape, prepared specifically for this experiment, was also applied.
Macroscopic analysis
The following formula was used to determine the rate of wound contraction (%):
The wound area was determined by tracing straight 
Histological analysis
Samples for histological analysis were collected on postoperative days 7, 14, and 21, immediately after the animals were sacrificed by anesthesia overdose. The tissue from the wound site was removed together with a 1cm wide margin of normal skin, fixed in 10% buffered formalin, pH 7.5, and sent to the pathology laboratory. Paraffin-embedded specimens were cut into 3-μm sections, mounted onto slides, and stained with hematoxylin and eosin (HE). The slides were photographed with a camera (model Canon PowerShot SX 100 IS) coupled to an optical microscope.
Histomorphological analysis was performed on the images to determine fibroblast proliferation, quantification of polymorphonuclear and mononuclear cells, vascular proliferation, and quantification of collagen fiber content. These parameters were graded as absent, mild, moderate, or marked. All histological examinations were performed by the same pathologist, who was blinded to group allocation. Results were recorded for subsequent analysis.
Statistical analysis
Wound contraction rates at different time points (seven, 14 and 21 days of treatment) were compared between and within groups using Student's t-test, and multiple comparisons between groups were performed with analysis of variance (ANOVA) followed by post hoc Dunnett's test.
Statistical analysis was carried out using the Statistical
Package for the Social Sciences (SPSS) version 13.0. All statistical tests were performed at a significance level α of 0.05 (p<0.05).
Results
Six animals in the control group and four in the experimental group died during the study due to adverse conditions, but the loss of these animals did not affect the statistical analysis of data.
Wound contraction rates measured by digital planimetry (macroscopic analysis) at the end of treatment on days seven, 14
and 21 for both groups are shown in Table 1 . Comparisons of wound contraction rates between groups at the three time points are listed in Table 2 . The experimental group showed significantly lower wound contraction rates compared with the control group on day 21 (p=0.029). The quantification of polymorphonuclear cells in the control and experimental groups at the three time points are depicted in Table 3 . A significant difference in polymorphonuclear cell content (p=0.026) was found in the experimental group after seven days of treatment with 4% gel. Quantification of collagen fibers in the control and experimental groups at the three time points is shown in Table   4 . No significant difference in collagen fiber content was found between groups at the different time points. However, a significant increase in collagen fiber content was observed in both groups on day 21. Unripe banana peels are used as a food source and in research as well. The chemical composition of unripe banana peels was first described by Selema and Farago 7 . Agrawal et al. 13 , related that extract of plantain banana was given by gavage to rats concentrations for therapeutic use 9, 10 .
In this study, no significant difference in wound contraction was observed in the experimental group after either seven, 14 or 21 days of treatment with 4% unripe banana peel gel.
However, a significant difference in wound contraction rate was observed on day 21 between the control and experimental group Further studies are necessary to search for the existence of other effects of unripe banana peel on wound healing, such as toxicity, and routes and forms of administration. It is also important to isolate active components of unripe banana peel extracts and confirm their pharmacological activity in improving tissue repair.
Conclusion
Gel from unripe Musa sapientum peel at 4% concentration applied to surgical wounds in rats resulted in increased number of polymorphonuclear cells on day 7, and reduced wound contraction and vascular proliferation, as well as increased concentration of collagen fibers on day 21.
